In this work, we aimed at the production of bovine sodium caseinate (NaCAS) hydrolysates 22 by means of an extracellular protease from Bacillus sp. P7. Mass spectrometry was carried 23 out to evaluate peptide mass distribution and identified sequences of peptides with a 24 signal/noise ratio higher than 10. Antioxidant and antimicrobial properties of hydrolysates 25 were evaluated. An acid-induced aggregation process of the hydrolysates and their 26 corresponding mixtures with NaCAS were also analyzed. The results showed that the 27 enzymatic hydrolysis produced peptides, mostly lower than 3 kDa, with different 28 bioactivities depending on the time of hydrolysis (ti). These hydrolysates lost their ability to 29 aggregate by addition of glucono--lactone, and their incorporation into NaCAS solutions 30 alter the kinetics of the process. Also, the degree of compactness of the NaCAS aggregates, 31 estimated by the fractal dimension of aggregates, was not significantly altered by the 32 incorporation of hydrolysates. However, at higher protein concentrations, when the 33 decrease in pH leads to the formation of NaCAS acid gels, the presence of hydrolysates 34 alters the microstructure and rheological behavior of these gels. 35 36
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Introduction 37
Caseins (CN) are the main milk protein fraction (~ 80%) which occurs in micelles as 38 large particles of colloidal size (Walstra, Jenness, & Badings, 1984) . However, the micellar 39 structure of CN is destroyed during the manufacture of sodium caseinate (NaCAS) 40 (Mulvihill & Fox, 1989) . NaCAS are extensively used in food industry because of their 41 physicochemical, nutritional and functional properties, such as emulsifying and gelation 42 capacities, thus contributing to food texture (Alvarez, Risso, Gatti, Burgos, & Suarez Sala, 43 Uppsala, Sweden) gel filtration column (25 × 0.5 cm) previously equilibrated with the 118 above mentioned buffer, and elution was performed using the same buffer at a flow rate of 119 0.33 mL min −1 . Thirty fractions (1 mL) were collected and submitted to the proteolytic 120 activity assay. Fractions showing enzymatic activity were pooled to will be use in NaCAS 121 hydrolysis. 122 123
Proteolytic activity assay 124
Proteolytic activity was determined as described by Corzo-Martinez, Moreno, Villamiel 125
and Harte (2010), using azocasein as substrate. The reaction mixture contained 100 μL 126 enzyme preparation, 100 μL of 20 x 10 -3 mol L −1 Tris-HCl buffer pH 8.0, and 100 μL of 10 127 mg mL −1 azocasein in the same buffer. The mixture was incubated at 37 ºC for 30 min, and 128 the reaction was stopped by adding 500 μL of 0.10 g mL -1 trichloroacetic acid (TCA). After 129 centrifugation (10,000 × g for 5 min), 800 μL of the supernatant was mixed with 200 μL of 130 1.8 mol L −1 NaOH, and the absorbance at 420 nm was measured (Corzo-Martínez, Moreno, 131
Villamiel, & Harte, 2010). One unit of enzyme activity (U) was considered as the amount 132 of enzyme that caused a change of 0.1 absorbance units under the above assay conditions. 133
Fractions showing proteolytic activity on azocasein were pooled and employed as a P7 134 protease preparation (P7PP) for NaCAS hydrolysis. 135 136
Hydrolysis of NaCAS 137
Samples of 0.01 g mL -1 of NaCAS in Tris-HCl buffer 20 x 10 -3 mol L -1 , pH 8 were 138 subjected to hydrolysis with the addition of 1 mL of P7PP (enzyme:substrate 1:50 ratio) at 139 45 °C. The hydrolysis reaction was stopped at different times (ti; i = 0, 0.5, 1, 2, 3, 4, 6 and 140 7 h) by heating the samples to 100 ºC for 15 min. After centrifugation (10,000 × g for 15 141 min), the supernatants were recovered, lyophilized, and kept at -18 °C. Protein 142 concentration of the supernatants was measured as previously described (Kuaye, 1994 
PAGE) 155
qualitative composition of the hydrolysates was analysed by Urea-SDS-PAGE using a 156 vertical gel system, according to the method of Laemmli (Laemmli, 1970 Excitation and emission spectra of the hydrolysates (1 mg mL -1 ) were obtained to 172 detect any spectral shift and/or changes in the relative intensity of fluorescence (FI) in an 173
Aminco Bowman Series 2 spectrofluorometer (Thermo Fisher Scientific, USA). The 174 excitation wavelength (λexc) and the range of concentration with a negligible internal filter 175 effect were previously determined. For spectral analysis and FI measurements samples (3 176 mL) were poured into a fluorescence cuvette (1 cm light path) and placed into a cuvette 177 holder maintained at 35 °C. Values of FI (n = 2) were registered within the range of 300 to 178 420 nm using a λexc of 286 nm. 179 180 2.11. Surface hydrophobicity (S0) 181 S0 was estimated according to Kato and Nakai method (Kato & Nakai, 1980) , using 182 the ammonium salt of amphiphilic ANS as a fluorescent probe. The measurements were 183 carried out using exc and emission wavelength (em) set at 396 and 489 nm, respectively, at 184 a constant temperature of 35 °C. Both wavelengths were previously obtained from emission 185 and excitation spectra of protein-ANS mixtures. Reducing power of the hydrolysates was measured as previously described by Zhu, 218 Zhou and Qian (2006) . Samples (15 mg mL −1 ) from each hydrolysis period were mixed 219 with 2.5 mL phosphate buffer 0.2 mol L −1 pH 6.6 and 2.5 mL potassium ferricyanide (10 220 mg mL −1 ), and then the mixture was incubated at 50 ºC for 20 min. Then, 2.5 mL TCA 221 (0.10 g mL -1 ) was added and the mixture was centrifuged (3,000 × g for 10 min). One 222 milliliter of supernatant was mixed with 2.5 mL distilled water and 0.2 mL ferric chloride 223
(1 mg mL −1 ), and the absorbance at 700 nm was measured. Higher absorbance of the 224 reaction mixture indicated greater reducing power. Butylatedhydroxytoluene (BHT) at the 225 same concentration of samples was used as a positive control (Zhu, et al., 2006 Changes in the average size of particles were followed by the dependence of turbidity 241 (τ) on wavelength (λ) of the suspensions, and determined as
parameter that has a direct relationship with the average size of the particles and can be 243 used to easily detect and follow rapid size changes. It was obtained from the slope of log  244 vs log  plots, in the 450-650 nm range, where the absorption owing to the protein 245 chromophores is negligible allowing then to estimate as absorbance in 400-800 nm range 246 (Camerini-Otero & Day, 1978) . It has been shown that β, for a system of aggregating 247 particles of the characteristics of caseinates tends, upon aggregation, towards an asymptotic 248 value that can be considered as a fractal dimension (Df) of the aggregates (Horne, 1987 In order to process the images obtained by CSLM and to obtain the texture parameters, 291 specific programs were developed in Python language. The following three texture 292 measures were used in this work: Shannon entropy (S), smoothness (K) and uniformity (U), 293
given by: 294
(1) where p(Ni) is the statistical sample frequency normalized from the grey scale, L is the 295 highest black level and  2 (N) is the mean normalized grey-level variance which is 296 particularly important in texture description because it is a measure of grey level contrast 297 that may be used to establish descriptors of relative smoothness (Gonzalez & Woods, 298 
. Previously, the color images were transformed into normalized grey scale (8-bit) to 299 achieve maximum contrast. Also, the mean diameter and area of pores or interstices were 300 determined through Image J software, according to Pugnaloni 
NaCAS hydrolysis by P7PP 315
P7PP displayed a proteolytic activity, as assayed by the azocasein method, of 70 U mL -316 1 (1,600 U mg protein -1 ). Hydrolysis of NaCAS with P7PP was carried out for up to 7 h 317 and, during this period, the DH was determined in hydrolysate supernatants (Figure 1) . 318
Although the DH reached 8.2% after 7 h, higher hydrolysis rates were observed in the first 319 four hours of hydrolysis, where the DH approached 6.2% in t4, decreasing afterwards. Since 320 the DH measures the number of cleaved peptide bonds, the slower rates of DH increaseindicate the lesser availability of cleavable peptide in the protein substrate, a behavior that 322 is governed by enzyme specificity. A similar DH profile was observed for bovine NaCAS 323 hydrolysates obtained with Bacillus sp. P45 protease (Hidalgo, et al., 2012) . However, 324 during ovine NaCAS hydrolysis with P7PP, the release of amino groups (or peptide bonds 325 cleaved) was somewhat lower during the hydrolysis process, which might reflect substrate 326 (caseins) heterogeinity across species (Minervini, et al., 2003) . 327 328 The antioxidant activities, including ABTS radical scavenging, reducing power and ferrous 396 ion chelating ability of the hydrolysates were evaluated. 397 398 Table 1  399   400 The radical ABTS
•+ scavenging ability of hydrolysates increased, reaching a maximum 401 at t6 (Table 1) . Although NaCAS also exhibits antioxidant activity, the increment of this 402 activity as the hydrolysis time increases suggests that the proteolytic process contributes to 403 the biological activity. 404
Megías et al. reported that histidine may be considered as a strong metal chelator due 405 to the presence of an imidazole ring (Megías, et al., 2008) . According to the results, it 406 would seem that hydrolysis increases the accessibility of the metal to the casein histidine 407 groups. Therefore, these results indicate that the hydrolysis of NaCAS could be useful to 408 increase mineral bioavailability. Also, NaCAS hydrolysates could be used as natural 409 antioxidants to prevent oxidation reactions in the development of functional food products 410 and additives. 411
Transition metals such as Fe 2+ promote the lipid peroxidation and then their chelation 412 helps to retard the peroxidation and prevent food rancidity (Lei Zhang, Jianrong Li, & 413 Kequan Zhou, 2010). As observed in Table 2 , NaCAS without hydrolysis presents ironchelation activity (78.400 ± 0.005%). This activity was significantly increased when the 415 hydrolysis occur, reaching a maximum of 94.60 ± 0.04 % at t3. 416
The reducing power assay is based on the capability of hydrolysates to reduce the 417 Fe 3+ /ferricyanide complex to the ferrous form. The results showed in Table 2 
Antibacterial activity 429
The ability of NaCAS hydrolysates to inhibit the growth of many bacteria was then 430 investigated. The results obtained are shown in Table 2 . 
Acid aggregation of NaCAS hydrolysates 458
The acid aggregation of NaCAS hydrolysates was evaluated by the variations of A650nm 459 as a function of time ( Figure 4A ). The results show that the hydrolysates did not maintain 460 the capability to aggregate, except for t0, which is the sample that was not hydrolyzed 461 The aggregation process observed was similar to those previously reported for non-481 hydrolyzed bovine NaCAS and reveals two well-defined steps (Hidalgo, et al., 2011) . At 482 the first aggregation stage, the decrease in the average diameters, estimated by β values, 483 may be due to a dissociation of pre-existing aggregates along together with the formation ofa large amount of new aggregates of smaller size due to a loss of the net charge of the 485 particles, which reduces their electrostatic stability and makes them more susceptible to 486 flocculation. At pH values near the isoelectric point, the higher number of particles with 487 electrostatic destabilization causes the formation of much larger particle size aggregates. 488
In presence of hydrolysates, changes in the time at which the second step starts (tag) 489
were observed (increment of tag) but the pH value observed at tag (pHag) was shown to be 490 similar to that of non-hydrolysed NaCAS. There were also no changes on the rate at which 491 the pH becomes lower. These results indicate that the electrostatic stability of NaCAS is not 492 appreciably affected by the presence of hydrolysates. 493
On the other hand, the decrease of superficial hydrophobic residues as hydrolysis time 494 increases (estimated by S0 values), the probability of hydrophobic interactions between 495 destabilized particles diminishes. Therefore, as hydrolysis time increases, the time at which 496 the aggregates formation starts is higher. 497
As from the estimation of the fractal dimension by turbidimetry, no significant changes 498 were observed in the degree of compactness of the aggregates (Df) formed at the end of the 499 acidification process of NaCAS:hydrolysate mixtures at low concentrations (Table 3) . 500 501 Table 3  502   503 Taking into account these results, it is important to assess the behavior of these 504 mixtures at concentrations at which the decrease in pH leads to the formation of acid gels. 505 Therefore, the rheological behavior and the microstructure of such gels were evaluated. 506 507
Rheological behavior of NaCAS:hydrolysate mixtures
Aiming at studying the effect of the presence of the hydrolysates on NaCAS gelation, 509 the acid gelation process of NaCAS:hydrolysate mixtures was studied. Previously, it was 510 found that the hydrolysates did not form acid gels after adding GDL. From the G and G 511 vs. time plots, the gel point was determined as the time when the G and G crossover (tg) 512 occurred (Curcio, et al., 2001 ). pH at tg was also determined considering the pH value at the 513 G and G crossover (pHg). Both tg and pHg showed no significant changes at all ti assayed 514 (i=0-4) (data not shown). After gel point, G and G increased up to a steady-state, G being 515 higher than G in all cases. Figure 6 shows the variation of the complex shear modulus 516 (G*) vs. acidification time. Differences among the gels produced in the presence of 517
hydrolysates at the beginning of the gelation process can be observed. 518
519

Figure 6 520 521
The non-linear least-square regression method was used to fit the raw mechanical 522
properties data as a function of acidification time: 523
(2) where * eq G is the steady-state G* value, k is the initial rate of increase in G*, t is the time 524 after GDL addition and C is a fitting parameter (Cavallieri & da Cunha, 2008) . The values 525 of * eq G and k are shown in Table 4 . 526 527 
At the beginning of gelation, the increase in G* could reflect the increased contact 530 between the NaCAS particles mediated by particle fusion, and subsequent interparticle 531 rearrangements due to bond reversibility, which result in more bonds per junction and in 532 more junctions, which in turn increases the storage modulus (Mellema, Walstra, van 533
Opheusden, & van Vliet, 2002). According to our results, * eq G and k diminish in the 534 presence of hydrolysates obtained at higher ti, especially for hydrolysate t4. Therefore, the 535 presence of hydrolysates would make the interparticle rearrangements difficult leading to a 536 decrease of elastic character of gels. 537 538 3.7. Evaluation of gel microstructure 539 Figure 7 shows representative microscopic images of NaCAS:hydrolysate t0 and 540 NaCAS:hydrolysate t4 gels which were captured using CLSM. These images provide visual 541 information regarding how the presence of hydrolysates affects the microstructure of 542 NaCAS gels. Red pixels in the images are due to polypeptide chains dyed with Rhodamine 543 B, while the black pixels are due to interstices formed. The CLSM images show a porous 544 stranded network structure. 545 546 (Table 5) . Also, the pore diameter distribution indicates that the amount of 551 smaller interstices was the highest for NaCAS:hydrolysate t4 gels (Figure 8) . Therefore, as ti 552 increases, the amount of pores increases and these pores are even smaller. 553 554
Table 5 555
Figure 8 556 557
On the other hand, from the analysis of textural parameters (Table 6 ), we could 558 conclude that the presence of hydrolysates (t1-4) increases S and decreases U values. 559
According to U values, t0 image is smoother (more uniform) than t4 image; i.e., 560 microstructure for NaCAS:hydrolysate t4 gel is more disordered. S values lead us to the 561 same conclusion; t0 image has the lowest variation in grey level. Therefore, the presence of 562 hydrolysates (t1-4) would make the ordered structure of NaCAS gels weaker. This 563 observation is consistent with the lower value of G* of these mixed gels (Figure 6) . 564 565 
Conclusions 568
This study shows that a protease preparation from Bacillus sp. P7 could be used in the 569 hydrolysis of bovine NaCAS to obtain peptides possessing different antioxidant and 570 antimicrobial activities. Some of these peptides are fractions of S1-CN and -CN, and 571 parts of their sequences, with antioxidant and antibacterial activities, have been previously 572 reported. The isolation of such bioactive peptides will be studied in further work. 573
The hydrolysates did not maintain the capability to aggregate under acid conditions 574 when GDL was added. However, their incorporation in NaCAS solutions modifies the 575 kinetics of the acid aggregation process but does not significantly alter the degree of 576 compactness of the aggregate formed at low NaCAS concentration. On the other hand, at 577 NaCAS concentrations where the decrease in pH leads to the formation of acid gels, the 578 presence of hydrolysates leads to more porous and weaker gels, especially in the presence 579 of hydrolysate t4. Therefore, these results suggest that these bioactive peptides modify the 580 microstructure and rheological behavior when they are added into NaCAS acid gels. Table 4 The steady-state value of the complex shear modulus ( * Table 5 Mean pore diameters and pore area of acid gels obtained from NaCAS:hydrolysates ti mixtures (30 mg g -1 : 7.5 mg g -1 ), where ti is the hydrolysis time. Ratio GDL/NaCAS concentrations (R) = 0.5 and T = 35ºC. 
